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REMARKS 

Claims 7-10 and 13-17 are all the claims pending in the application. Claims 7 and 13-17 
are being examined. Claims 8-10 are withdrawn as directed to a non-elected invention. 

Claim 7 has been amended to recite that the cell is transformed with an expression vector 
comprising a polynucleotide encoding a polypeptide, as supported, for example, at page 15, first 
through third full paragraphs. Claim 7 has also been amended to incorporate the recitation of 
claim 12, now canceled. 

Claim 9 has been amended to correct an obvious clerical error. 

Claim 13 has been amended to change the dependency from a canceled claim. 

New claims 14-17 recite fewer than all of the members of the Markush group of claim 1 
and are supported by original claim 1 . 

A. Rejection under 35 U.S.C. § 112, first paragraph 

Claims 7 and 12-13 are rejected under 35 U.S.C. § 1 12, first paragraph as lacking written 
description support in the specification. 

The Examiner contends that the specification "does not provide reasonable written 
description support for polypeptides of SEQ ID NO:2 or 4 in which 1 to 15 amino acids are 
deleted, substituted, or inserted, and additionally does not provide support for a method where 
the polypeptide has 80% or greater homology" to SEQ ID NO:2 or 4. The Examiner particularly 
notes that the specification provides no indication "as to which amino acid substitutions, 
insertions, or deletions are possible which maintain an ability too 'exhibit activity of promoting 
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insulin production by activation'." The Examiner mentions that "(t)he applicants do not provide 
even a single example of a polypeptide in which the amino acid sequence deviates from either 
SEQ ID NO:2orNO:4." 

For the following reasons, this rejection is traversed, respectfully. 

The homology between the human polypeptide consisting of the amino acid sequence of 
SEQ ID NO:2 and the rat polypeptide consisting of the amino acid sequence of SEQ ID NO:4 is 
80.6%, as described in the paragraph bridging pages 10 and 1 1 of the specification. That is, the 
amino acid sequence of SEQ ID NO:4 is disclosed in the present specification as an amino acid 
sequence having 80% or more homology with that of SEQ ID NO:2, and the amino acid 
sequence of SEQ ID NO:2 is disclosed in the present specification as an amino acid sequence 
having 80% or more homology with that of SEQ ID NO:4. 

Furthermore, Applicants prepared Attachments A and B showing an alignment of the 
amino acid sequence of SEQ ID NO:2 (human sequence) and that of SEQ ID NO:4 (rat 
sequence), and another alignment of human, rat, and mouse sequences, respectively. Those 
skilled in the art would have known that alignment of such homologous sequences using any of 
the alignment algorithms well known in the art will generate a consensus sequence. One of skill 
in the art would have understood that a consensus sequence indicates the most common amino 
acid at each position and that regions of proteins containing strong consensus sequences typically 
represent conserved functional domains or structural elements. These conserved functional 
domains are often essential for the functioning of a protein, hence their conservation. 
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Accordingly, using alignment algorithms well-known in the art, one of ordinary skill in the art 
could gain an understanding as to what amino acids are likely to be essential for SEQ ID NO:2 or 
4 to have activity of promoting insulin production by activation. Thus, the relationship between 
the amino acid sequence and the function of the protein is evident in view of the evolutionary 
conservation amongst homologues, and one of ordinary skill in the art would have been able to 
deduce, with a good degree of success, essential sequences common to members of the genus. 

Accordingly, the Examiner is requested, respectfully, to reconsider and remove this 
rejection. 

The Examiner's attention is also directed to new claims 14-17, which recite polypeptides 
(a), (b) and (c) or just (a) and (b). 

B, Rejection under 35 U.S.C. § 112, second paragraph 

Claims 7, 12 and 13 are rejected under 35 U.S.C. § 1 12, second paragraph as allegedly 
omitting "essential steps." The Examiner notes that: 
-"activation" is not defined in claim 7; 

-the claims do not provide how one would determine whether the polypeptide is activated 
or not; and 

-there is no guidance for selection or confirming the activity of the selected substance. 
For the following reasons, this rejection is traversed, respectfully. 
Applicant submits that the term "activation" is definite to those skilled in the art from the 
description in the paragraph bridging pages 1 1 and 12 and the first full paragraph at page 13 of 
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the specification. According to the description in the specification, the G protein-coupled 
receptor of the present invention, is "activated" when a signal is transduced downstream of the G 
protein-coupled receptor (see first full paragraph at page 13). 

Further, Applicant submits that there is sufficient guidance in the specification to confirm 
whether or not a polypeptide exhibits "an activity of promoting insulin production by activation." 
More specifically, from the paragraph bridging pages 1 1 and 12 and the first full paragraph at 
page 13 of the specification, it is apparent to those skilled in the art that a polypeptide in a cell 
transformed with an expression vector comprising a polynucleotide encoding the polypeptide is 
activated when the polypeptide promotes insulin production. The specification reads as follows: 

A method for confirming whether or not a polypeptide 
exhibits "an activity of promoting insulin production by activation" 
as used herein is not particularly limited, but it may be confirmed 
by, for example, the method described below, preferably a method 
described in Example 3. Namely, cells are respectively 
transformed with an expression vector comprising a polynucleotide 
encoding the polypeptide or a control expression vector without 
the polynucleotide, together with a plasmid in which a reporter 
gene (such as a luciferase gene) is linked downstream of an insulin 
promoter. After a predetermined number of hours (such as 24 
hours) from the transformation, the medium is removed, the cells 
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are lysed with a cell lysing solution, and a reporter activity of each 
lysate is measured. When the reporter activity in the lysate of the 
cells transformed with the expression vector comprising the 
polynucleotide encoding the polypeptide (test cells) is increased, in 
comparison with that of the cells transformed with the control 
expression vector (control cells), it may be judged that the 
polypeptide exhibits the "activity of promoting insulin production 
by activation". 

The state in which the polypeptide for a screening tool, a G 
protein-coupled receptor, is "activated" as used herein means a 
state in which a signal is transduced downstream of the G protein- 
coupled receptor regardless of a ligand binding. The polypeptide 
is activated when the total amount of an active form of G protein- 
coupled receptor exceeds a certain amount." 

In view of the above remarks, the Examiner is requested, respectfully to reconsider and 
remove this rejection. 

C. Rejection under 35 U.S.C. § 102(b) 

Claims 7, 12 and 13 are rejected under 35 U.S.C. § 102(b) as anticipated by Fehmann et 
al. The Examiner relies on the doctrine of inherency, asserting that Fehmann et al. shows the 
testing of "several cAMP analogues to cause the same increase in insulin promoter activity" in 
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(3TC-1 cells and noting that the specification provides that p cells express the polypeptides of 
SEQ ID NO:2 or 4. Thus, although the reference does not provide either sequence, the Examiner 
contends that the polypeptides are inherently present in the cells. 
For the following reasons, this rejection is overcome. 

The doctrine of inherent anticipation requires that the missing element is "necessarily" 
present in the asserted reference. As set forth in the MPEP in Section 2131.01 III. "[t]o serve as 
an anticipation when the reference is silent about the asserted inherent characteristic, such gap in 
the reference may be filled with recourse to extrinsic evidence. Such evidence must make clear 
that the missing descriptive matter is necessarily present in the thing described in the reference, 
and that it would be so recognized by persons of ordinary skill." Continental Can Co. USA v. 
Monsanto Co., 948 F.2d 1264, 1268, 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). 

In this respect, Fehmann et al. does not disclose or suggest a cell "transformed with an 
expression vector" comprising a polynucleotide encoding any one of the polypeptides (a) to (d), 
as now claimed. 

Accordingly, the rejection is overcome and should be removed. 

D. Rejection under 35 U.S.C. § 103(a) 

Claims 7 and 12-13 are rejected under 35 U.S.C. § 103(a) as obvious over Bonini et al. 
(U.S. Patent No. 6,221,660), asserting that it discloses the sequences of SEQ ID NOs:2 and 4 and 
that the sequences are expressed in insulin-producing tissues that produce cAMP, a known 
activator of insulin promoter activity. Thus, the Examiner contends that it would have been 
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obvious to screen for compounds that activate SEQ ID NO:2 or 4 as a means of increasing 
insulin production. 

For the following reasons, this rejection is overcome. 

Bonini et al. disclose the amino acid sequence of SEQ ID NO:2 in the present 
specification (human SNORF25; SEQ ID NO:2 in Bonini et al.), and that of SEQ ID NO:4 in the 
present specification (rat SNORF25; SEQ ID NO:4 in Bonini et al.), as pointed out by the 
Examiner. Further, Bonini et al. list, as a use of agonists and antagonists of the SNORF25 
polypeptides, treatment of many of the same diseases including diabetes with respect to both the 
agonists and antagonists (see column 26, lines 7-53). However, Bonini et al. do not have any 
support that the agonists or antagonists are, in fact, useful for treating these diseases. Further, the 
listed diseases to be treated with the agonists corresponds exactly to the list of diseases to be 
treated with the antagonists. That is, there is no teaching or suggestion to lead one of ordinary 
skill in the art in one of the other direction. Thus, the rejection is made in hindsight. 

In addition, Bonini et al. disclose that an accumulation of cAMP was caused in response 
to retinoic acid (all-trans retinoic acid; ATRA), as pointed out by the Examiner, but do not 
disclose any data to support that retinoic acid can promote insulin production, i.e., insulin 
promoter activity. In this connection, Applicant submits herewith a copy of Clark et al. 
[Biochem. J. (1995) 309, 863-870] showing that retinoic acid suppressed insulin promoter 
activity (see Table 3). This reference was published prior to the priority date of the present 
application, and reported the above result, which is contrary to that disclosed in Bonini et al. 
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Therefore, as of Applicant's effective filing date the knowledge in the art was such that it did not 
teach whether agonists of the SNORF25 polypeptides promote insulin production. 

In view of the above remarks, the Examiner is requested, respectfully, to reconsider and 
remove this rejection. 

In view of the above, reconsideration and allowance of this application are now believed 
to be in order, and such actions are hereby solicited. If any points remain in issue which the 
Examiner feels may be best resolved through a personal or telephone interview, the Examiner is 
kindly requested to contact the undersigned at the telephone number listed below. 

The USPTO is directed and authorized to charge all required fees, except for the Issue 
Fee and the Publication Fee, to Deposit Account No. 19-4880. Please also credit any 
overpayments to said Deposit Account. 

Respectfully submitted, 

SUGHRUE MION, PLLC 

Telephone: (202) 293-7060 Registration No. 30,95 1 

Facsimile: (202) 293-7860 

WASHINGTON OFFICE 

23373 

CUSTOMER NUMBER 

Date: August 16, 2007 
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A deletion analysis of the human insulin gene extending to 2 kb 
upstream of the transcription start site provided evidence of 
regulatory sequences located upstream of the insulin-linked 
polymorphic region (ILPR). Within this ILPR-distal region is a 
sequence (Ink, for insulin kilobase upstream) which contains 
three potential nuclear hormone-receptor half-sites, closely 
matching the consensus sequence AGGTCA. These sequences 
are arranged as a palindromic element with zero spacing over- 
lapping a direct repeat with 2 bp spacing. The Ink sequence was 
used in electrophoretic mobility-shift assays within nuclear 
extracts from COS-7 cells overexpressing the vitamin D, thyroid 
hormone oir retinoic acid receptors, or from an insulin-expressing 
hamster cell line, HTT-T1 5. These studies suggest that the insulin- 
expressing cell line contains thyroid hormone and retinoic acid 
receptors at least, and that these receptors are able to recognize 
the Ink sequence. Three copies of the Ink sequence were placed 
upstream of the thymidine kinase promoter and firefly luciferase 
reporter gene. In COS-7 cells expressing the appropriate nuclear 



hormone receptor, this construct was responsive to both thyroid 
hormone (18-fold) and all-rrow-retinoic acid (31 -fold). In HIT- 
T15 cells the same construct responded to all-frwu-retinoic acid, 
but not to thyroid hormone. Within the context of a 2 kb insulin 
gene fragment, the Ink sequence was shown to be activated by 
retinoic acid and by the retinoic acid receptor, but acted as a 
negative element in the presence of both retinoic acid and the 
retinoic acid receptor. Mutagenesis studies demonstrated that 
the palindromic sequence was important for the retinoic acid 
response, and for binding of complexes containing retinoic acid 
receptor. In human islets of Langerhans, retinoic acid was shown 
to stimulate insulin mRNA levels. These results demonstrate that 
a functional nuclear hormone-receptor-response element is 
located upstream of the human ILPR. As retinoic acid and 
thyroid hormone are frequently involved in developmental 
regulatory processes, it is possible that this element may be 
important in the process of islet cell differentiation. 



ICfimODUOTlOKI 

The regulation of insulin gene transcription is dependent on the 
interaction of nuclear factors with DNA sequences located within 
a short distance upstream of the transcription start site [1]. In the 
human insulin gene a number of positively and negatively acting 
sequences have been mapped within a region up to — 350 bp [2]. 
The helix-loop-bclix factor insulin enhancer factor I (3] binds 
to an E box (consensus sequence CANNTG) located at - 103 
(the IEB1 box), and a second helix-loop-helix factor, upstream 
stimulating factor, binds along with several uncharacterized 
factors to a sequence at -230 (the IEB2 box) [4,5]. Another 
uncharacterized factor binds to the sequence GGGCCC adjacent 
to the IEB2 box [6]. A powerful negative regulatory element at 
—270 interacts with adjacent positive elements to modulate the 
activity of the insulin promoter, and a ^-cell-specific factor, 
insulin upstream factor 1, binds to the sequence TCTAATG at 
three sites, -82 (the CT1 box), -215 (the CT2 box) and -319 
(the CT3 box) [7]. 

The human insulin gene differs from most other insulin genes 
in that it contains a variable number of tandem repeats located 
upstream of — 350 [8]. This variable number of tandem repeats 
[which is also known as the insulin-linked polymorphic region 
(ILPR)] contains repeats of the consensus sequence ACAGG- 
GGTCTGGGG, and is capable of adopting an unusual tetra- 



strand DNA structure (9,10]. Preliminary studies suggest that 
structural features within the ILPR may affect transcription of 
the human insulin gene [11,12]. Further support for a role for 
sequences upstream of —350 in regulating transcription of the 
gene comes from studies on transgenic mice [13]. 

The steroid-hormone receptors belong to a large family of 
transcription factors with representatives in organisms as diverse 
as man and Drosophila. The receptors for retinoic acid (RAR), 
thyroid hormone (TR) and vitamin D (VDR) belong to a 
subfamily recognizable on the basis of structural and functional 
similarities. They are localized in the nucleus in the absence 
of their ligands and can bind to DNA as homodimers ; however, 
their binding affinity is greatly increased by heterodimerization 
with the retinoid X receptor (RXR) [14-17], the ligand of which 
is the 9-cu-stereo isomer of retinoic acid [18,19]. The response 
elements through which they regulate transcription are closely 
related, most commonly containing two copies of a half-site with 
the consensus sequence AGGTCA or Pu(G/T)TCA. According 
to the '5-4-5* rule, RXR/VDR, RXR/TR and RXR/ RAR 
heterodimers show preferences for direct repeats with a spacing 
of 3, 4 and 5 nucleotides respectively [20,21]. 

To determine whether the ILPR and upstream sequences affect 
transcription of the human insulin gene, we undertook a deletion 
analysis up to -1995. Here we report the results of this study, 
which led to the identification and characterization of a functional 



Abbreviations used: RAR. retinoic acid receptor; RXR, retinoid X receptor; CAT, chloramphenicol acetyitransrerase; CRBP. cellular retinol-binding 
protein; CRABP, cellular retinoic acid-binding protein; VDR, vitamin D receptor; TR, thyroid hormone receptor; ILPR insulin-linked polymorphic region; 
DMEM, Dulbecco's modified Eagle's medium; atMHC, a-myosin heavy chain; T3, triiodothyronine; PARP. peroxisome-activated receptor protein. 
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D To whom correspondence requests should be addressed. 
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thyroid hormonc/retinoic acid-response element at around 
-lkb, 

EXPSRIMEWTAL 
ColB Orgs 

The Simian Vims 40 (SV40)- transformed monkey kidney cell line 
(COS-7) was cultured in Dulbeeco's modified Eagle's medium 
(DMEM) supplemented with 10% (v/v) foetal calf serum. HTT- 
T15, a £-cell line derived from SV40- transformed Syrian hamster 
islets of Langerhans, was grown in RPMI 1640 supplemented 
with 10% (v/v) foetal calf serum. 

Human BoJoto ©5 l£E$3staio 

Human islets of Langerhans were isolated from the pancreas of 
human organ donors. Before removal of the pancreas, full and 
informed consent was obtained from the next of kin. All 
procedures were carried out with the approval of the appropriate 
ethical committee. Briefly, the pancreatic duct was cannulated in 
situ and digestion achieved by intraductal infusion of coUagenase. 
The islets were then separated from contaminant acinar tissue by 
centrifugation on discontinuous density gradient of BSA in a 
semi-automated system [22]. The purified islets were placed in 
RPMI 1640 medium containing 10% (v/v) foetal calf serum and 
supplemented with 400 units of sodium penicillin G/ml and 
200 /tg of streptomycin sulphate/ml, and cultured at 37 °C in a 
humidified atmosphere of O s /CO s (95:5, v/v) for several days 
before use. 

Syntoto erf rosters 

A unique Hindlll site was created at position +112 (with respect 
to the transcription start site) in the vector pUins300, which 
contains a 5 kb genomic fragment spanning the human insulin 
gene [23]. To excise 5' fragments of varying sizes we used this 
Hindlll site in conjunction with an Ncol site ( - 879), an Rsal site 
(- 1274) or an Xholl site (- 1995). The 5' fragments were filled 
in using KJenow enzyme, and ligated into a filled Hindlll site 
upstream of the chloramphenicol acetyl transferase (CA1> 
encoding sequence in the vector pBCO [24], generating pBCins- 
879, pBCins-1274 and pBCins-1995. Constructs pBCins-339, 
pBCins-279 and pBCins-258 have been described previously [2]. 

Luciferase -expressing constructs were based on the vector 
pTkpLuc, which contains a herpes simplex virus thymidine 
kinase promoter fragment upstream of the firefly-luciferase- 
encoding sequence. pInk3.TkpLuc was synthesized by cloning 
three copies of the Ink (which stands for insulin kilobase 
upstream) oligonucleotide in sense orientation at a Smal 
site upstream of the thymidine kinase promoter in 
pTkpLuc. p!nk.TkpLuc, pInkA.TkpLuc, plnkB.TkpLuc and 
plnkC.TkpLuc were synthesized by cloning single copies of wild- 
type or mutant Ink oligonucleotides in sense orientation at the 
Smal site in pTkpLuc. 

TrorcrfGgtfeac troatmQfrt ond assays 

Transfection of COS-7 cells was performed using the calcium 
phosphate co-precipitation method as described by Docherty 
and Clark [25], with exposure of cells to precipitation for 8 h. 
Transfection of HIT-T15 cells was also performed using the 
calcium phosphate co-precipitation method, with exposure of 
cells to precipitation for 6 h, the last hour in the presence of 
added chloroquine (100 >*M). After removal of the precipitate 
and washing with PBS, HIT-T15 cells were subjected to glycerol 



shock with 15 % glycerol in serum-free DMEM for 2 min, then 
washed once more with PBS. After transfection, both COS-7 and 
HIT-T15 cells were maintained in serum-free DMEM, supple- 
mented with selenium /insulin/ transferrin, with or without the 
addition of retinoic acid (1 pM) or thyroid hormone [triiodo- 
thyronine (TJ; 100 nM]. 

After 24-30 h of treatment, cells were harvested by repeated 
freeze-thaw cycles in 100 /d of 100 mM KH a P(yi mM dithio- 
threitol. CAT was assayed as described by Docherty and Clark 
[25]. To quantify luciferase activity, 20 jil of cell extract was 
combined with 350 /d of 30 mM grycylglycine, pH 7.8, containing 
2 mM ATP and 15 mM MgS0 4 and luminescence was measured 
in a Berthold instruments model LB 9501 luminometer on 
injection of 100/d of 30 mM glycylglycine, pH 8, containing 
0.5 mM luciferin. ^Galactosidase activity was measured using 
the Bactolight reagent kit, according to the manufacturer's 
instructions. Luciferase activity was expressed relative to ft- 
galactosidase activity. 

Nuclear extracts of HIT-T15 and GH3 cells were prepared as 
described [26], with the exceptions that the final extraction buffer 
contained 10% glycerol and protease inhibitors aprotinin 
(1 mM), leupeptin (1 mM), pepstatin (1 mM) and /^amino- 
benzoic acid (1 mM). To prepare extracts of COS-7 cells over- 
expressing nuclear hormone receptors, calcium phosphate trans- 
fections were performed in 14 cm culture dishes with 40 /tg of 
p€DM8, pCDM8.T 8 R (expressing the T^ receptor cDNA), 
pCDMS.RAR (expressing the RARa cDNA) or pCDMS.VDR 
(expressing the VDR cDNA). After growth for 48 h in DMEM 
containing 10% foetal calf scrum, extracts were prepared by the 
'nuclear miniprep' method [27]. 

The a-myosin heavy chain (aMHQ sequence is 5'CTGG- 
AGGTGACAGG AGGACA GCAGCCCTGA-3' and the 
RARfi sequence is 5'-GGGTAG GGTTCA CCGAA AGTTCA- 
CTCG-3', where the direct-repeat sequence is underlined. 
a *P-labelled oligonucleotide probe (50 fmol) was incubated with 
2-10 /*g of nuclear protein extract at 4 °C in 25 mM Tris/HQ, 
pH7.8, containing 88 mM ICQ, 0.5 mM EDTA, 10 mM 
2-mercaptoethanol, 0.25 ^g/ml BSA, 7.5% (v/v) glycerol 
and 0.05/ig/ml poly(dI-dQ. Complexes were resolved by 
non-denaturing PAGE at 4°C. Gels were dried down and 
protein-DNA complexes visualized by autoradiography [26]. 

Human islets of Langerhans were cultured in scrum-free RPMI 
medium containing 3 mM glucose for 48 h before treatment. All- 
rronj-retinoic acid (1 fiM) was added to the culture medium and 
the cells were harvested at 2, 16 and 60 h after treatment Total 
RNA was then prepared [28]. RNA (5 /tg/wdl) was subjected to 
electrophoresis in a 2% (w/v) agarose/formaldehyde gel, and 
blotted on to a Hybond N filter (Amersham). Filters were then 
hybridized to "P-labelled human pieproinsulin cDNA or 18S 
rRNA probes, and processed for autoradiography. 

RESULTS 

To determine the role of sequences upstream of —350 in 
regulating transcription of the human insulin gene, deletion 
constructs, generated by using conveniently located restriction 
endonuclease sites, were placed within plasmids containing the 
reporter gene CAT. CAT activity was then measured in trans- 
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CAT activity (%) 

1 1 pBCina-1995 100 ±18 

1 ■ pBCins-1274 84 ±14 

i ' pBCin8-879 57 ±6 

t I pBCina-339 16 ±2 

^ * pBCins-279 5±1 

' ' pBCins-258 41 ±3 

I I ' ' pBCins-1274.AIP 5±1 

I : I I I pBCin»-1274.IP* 4 1 1 



flgure 1 Nttton eufyils of tt»e kumin tesoHn gene 5' regloa 

HIT-T15 cells were transferred with the Indicated recombinant ptasmlds, and CAT activity was assayed In cell extract! CAT activity tor each reporter plasmid Is expressed relative to that tor the 
plasmid containing the largest fragment of DNA (pBCIns-1995). Results are expressed as means ±S.D. for three separate experiments. 



fectcd HIT-T15 cells, and the results were expressed relative to 
the plasmid containing the largest fragment of DNA (pBCins- 
1995) (Figure 1). Deletion of sequences from - 1995 to - 1274 
and — 879 resulted in a stepwise decrease in CAT activity (to 84 
and 57% respectively), suggesting the presence of positive 
regulatory elements within this region. The increase in CAT 
activity when sequences from —279 to —258 were deleted has 
previously been reported, and is due to the presence of a powerful 
negative regulatory clement centred around —270 [2]. The 
deletion analysis also demonstrates the presence of a positive 
element between —339 and —279 which interacts with the 
adjacent negative element to modulate the activity of the pro- 
moter (A. R. Clark and K. Dochcrty, unpublished work). 

Deletion of a 540 bp fragment containing the ILPR (pBCins- 
1274.AIP) dramatically decreased CAT activity. This was not 
simply the consequence of moving upstream sequences closer to 
the promoter, as replacement of the ILPR fragment with a 
similar-sized DNA fragment from bacteriophage A (pBCins- 
1274.IP*) did not restore transcriptional activity. Although this 
result may indicate regulatory activity within the ILPR, this 
cannot at present be concluded with certainty because of the 
potential presence of regulatory elements between — 879 and the 
5' boundary of the ILPR, or between -339 and the 3' boundary 
of the ILPR. For instance, a high-affinity binding site for SP1 is 
present at —350 (A.R.Clark and K. Dochcrty, unpublished 
work). 

Within the region — 1274 to — 879 we noted a cluster of three 
potential nuclear hormone-receptor half-sites, closely matching 
the consensus sequence AGOTCA. As illustrated in Figure 2, the 
cluster contains a palindromic element with zero spacing, over- 
lapping a direct-repeat element with a 2 bp spacing (DR-2). The 
palindromic element very closely resembles the T RE pal sequence, 
a much-studied artificial response element which mediates 
transcriptional activation by both thyroid hormone and retinoic 
add. The direct-repeat element is closely related to retinoic 
acid response elements of the mouse cellular retinoid- binding 



Consensus half-sit© 



AGGTCA 



Ink GTCCCCAGGTCCCCAGGTCATGJCCTCCTTCT- 1006 
bGH 



rGH 

TREpal 
mCRBl 

mCRABPlI 



GGGACATGACCC 
• • • 



GGGACGTGACCG 
• • • • 



AGGTCATGACCT 
AG GTCAAAAGGTCA 



AGTTCACCAGGTCA 



Rgare 2 Ink sequence containing three potential midear hormone-receptor 
half-sites 

The consensus sequence is a half-site for RAR, T,R and VOR. The Ink sequence corresponds 
to -1037 to -1006 of the human insulin gene as cloned In plasmid phins300. Also shown 
are: (i) response elements in the bovine and rat growth hormone (bGH and rGH respectively) 
genes and TREpal (an artificial response element), which contain two receptor halt-sites 
arranged as a palindrome with zero spacing, and which mediate responses to both retinoic add 
and T,; and (li) direct-repeat retinoic acid response elements with 2 bp spacing (DR-2). which 
are located in the mouse CRBPI (mCRBPI) and the mouse CRA8PI1 (mCRABPlI). The black dots 
below each sequence denote variations from the consensus half-site sequence. 



protein (CRBPI) and the cellular retinoic acid-binding pro- 
tein (CRABPII) gene. 

To determine whether this part of the human insulin gene 5' 
region is able to bind members of the nuclear hormone-receptor 
family, we performed electrophoretic mobility-shift assays with 
an oligonucleotide probe (Ink, for insulin kilobase upstream), 
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Figure 3 Binding of RAR T,R and VDR raptors tt the Ink sequence after 
expression of their cDNAs In transacted COS-7 cells 

COS- 7 cells were transfected with an empty expression plasmid pCDM8 (0) and with pCDMS 
vectors containing cDNAs encoding the T S R (T), RAR (R) and VOR (0). Nudear extracts were 
prepared and used in etectrophoretic rnobiBy-shiA assays with the following radiolabeled 
oligonucleotide probes containing: (i) a sequence tram the rat aMHC gene 5' region, which 
contains a functional T 3 -response dement; (ii) a sequence tram the human RAR/? gene 5' 
region which responds to retinoic acid; and (Tii) the Ink sequence. A competition experiment 
was performed using the Ink probe, in which the nuclear extracts were preincubated with a 
50-foW excess of unlabelfed Tnk oligonucleotide before addition of the radWabelled probe. 



Heart 4 Demonstration that TJt- and RAH-MroUrtg Kthrtty Is present In 
HIT-T15 cefis 

Nuclear extracts from HIT-T15 cells were used in electro ptoretic mobilly-shtft assays with 
raoioUbelled oligonucleotide probes containing: (0 a sequence from the rat aMHC gene 5' 
region, which contains a functional T s ~response element ; (ii) a sequence from the human RAR/? 
gene 5' region which responds to retinoic acid; and (iii) the Ink sequence. Competitions were 
performed by preincu bating the nuclear extracts with a 50-fold excess of an unrelated 
ofigonudeotide (U) or with the Ink oligonucleotide (I). Using the rat aMHC probe, multiple 
bands were observed, two of which (indicated by the Mack dots) were specifically competed 
for by the Ink oligonucleotide. 



the sequence of which is shown in Figure 2. As a source of 
nuclear hormone receptors we used COS-7 cells, which contain 
RXRs, but are thought to be devoid of T,Rs, RARs or VDRs. 
Nuclear extracts containing specific members of the nuclear 
hormone-receptor family were generated by transfection of 
COS-7 cells with appropriate pCDM8-based expression vectors. 
As controls, we tested these extracts against well-characterized 
response elements: a sequence from the rat aMHC gene 5' region 
that responds to T 3 but not to retinoic acid, and a sequence from 
the human RAR^ gene 5' region that is primarily responsive 
to retinoic acid. We also tested extracts against a vitamin 
D-response element of the rat osteocalcin gene; however, the 
binding of API to the element obscured interactions with the 
nuclear hormone receptors (not shown). As seen in Figure 3, 
the aMHC probe generated a strong complex only with the 
T,R nuclear extract, although a minor novel complex was also 
observed with the VDR extract. In agreement with previous 
reports, little or no binding of RAR to this sequence was 
observed. In contrast, the RAR/? probe generated the strongest 
complex with the RAR extract, with both T,R and VDR extracts 
giving rise to weaker novel complexes. Although we have not 
been able to demonstrate binding of VDR to a natural vitamin 
D-response element, we believe that transfocted COS-7 cells do 
generate VDR, as novel complexes appear on the aMHC and 
RAR^ probes. When tested against the Ink sequence, the T,R, 
RAR and VDR extracts each generated novel retarded bands, 
suggesting that this element can be recognized by complexes 
containing each of the three nuclear hormone receptors tested. 
The specificity of these complexes was demonstrated by self- 
competition with an excess of unlabeUed Ink oligonucleotide. An 
unrelated oligonucleotide faired to compete (not shown). 

Binding of nuclear factors to the Ink sequence was examined 
using an extract of the hamster /Mike cell line HIT-TI5 (Figure 



4). For comparison, the aMHC and RAR/? probes were again 
used, and parallel mobility-shift assays were performed with a 
nuclear extract of the pituitary cell line GH3, which contains 
T,Rs, RARs and VDRs. With the aMHC probe, the fi<c\\ 
extract generated several rather weak complexes, of which two 
(marked) were competed for by the Ink sequence, but not by an 
unrelated competitor. The RAR/? probe generated two strong 
complexes, both of which were specifically competed for by the 
Ink sequence. The Ink sequence itself generated two very strong 
and specific retarded complexes,, in addition to a third complex 
of lower mobility, which was partially competed for by the non- 
specific competitor. Despite differences in the precise positions of 
retarded complexes, the pattern obtained with a GH3 nuclear 
extract was similar (results not shown). Assuming that en- 
dogenous receptors possess the same binding specificity as 
previously demonstrated with transfected COS-7 cells (Figure 3), 
these observations strongly suggest that the l-like cell line 
contains receptors for both thyroid hormone and retinoic acid. 
With the rat osteocalcin vitamin D-response element both GH3 
and HIT-T15 nuclear extracts generated complexes which could 
be competed for by the Ink sequence (not shown) ; however, it is 
not certain that these complexes contain VDRs rather than other 
members of the nuclear hormone-receptor family. The ability of 
the Ink oligonucleotide to compete for binding to aMHC and 
RARfi probes supports the conclusion that the Ink sequence is a 
natural binding site for members of the nuclear hormone-receptor 
family. 

To determine whether the Ink seqnencc was functionally 
active, three copies of the Ink oligonucleotide were cloned in 
sense orientation upstream of the thymidine kinase promoter 
which regulates expression of the firefly luciferase reporter gene 
in the vector pInk3.TkpLuc. This construct was co-transfected 
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TsMtl RMfanuoffttwInk 
COS-7 ctllt 

COS-7 ceils were aHransfected with ptasmid plnk3.TVpluc and an empty pCDM8 vector 
(pCDMSO) or pCDMS containing cDNAs encoding the T,R (pCDM8T) or the RAR (pCDMSR). 
The ceils were then incubated in medium with no addition or containing T, (100 nM) or 
all- tore- retinoic add (RA) (1 /iM). Luciferase activity was then assayed in cell extracts and 
expressed relative to that measured in cells co-transfected with plnk3.TkpLuc and the empty 
pCOMB vector. The results are from a single experiment and represent means ±S.D. 
[n « 4). Simiiar results were obtained in three separate experiments. ND, not determined. 



Relative futiferase activity 



Addition 



pCDMSO 



pCDMBT 



pCOMBR 



None 1.00 ±0.12 0.99±0\07 0.73 ±0.13 

T, 1.05± 0.03 17.47 ±0i7 ND 

RA 6.51 ±1.11 ND 30.84 + 4.50 



TiWt 2 R ttp o in hfwimi of tfct Ink stcpitttc* to rattnolc idd In triBSftcttd 
HIT-T15 Mils 

HIT-T1 5 cells were transfected with the ptasmid pTkpLuc (pTkp) or plnk3.T1cpUic (plnttTVp). 
The cells were Incubated in medium with no addition or containing T, (100 nM) or all-tows- 
retlnoic add (1 pM) (RA). Lucterase activity was then assayed In cell extracts and expressed 
relative to that measured in cefls incubated in the absence of added hormone. The results are 
bom a single experiment and represent means ±S.D. {n » 4). Simitar results were obtained 
in three experiments. 



Addition 


Relative lu eft eras 


£ activity 


pTxp 


plnWTVp 


None 


1.00±0.06 


1.00±0.05 


T, 


0.93 ±0.05 


0J1 ±0.01 


RA 


1.42±0.07 


4.10±0.18 



(a) ^ ^ 

Ink GTCCCCAGGTCCCCAGGTCATG CCCTCCTTCT 

n ' 

InkA TT 
InkB TT 
InkC AA 



(b) 2.5 



-5 1.5 




<♦$> 

^ J f ^ 



(0 



HIT-T15 



Cos-7 



if 




into COS-7 cells with pCDM8, or with a pCDM8~derived 
expression vector for T,R/? or RARa. Subsequently cells were 
maintained in serum-free medium, or in serum-free medium 
supplemented with T, (100 nM) or all-fraru-retinoic acid (1 fiM) 
(Table 1). For comparison, similar transfections were carried out 
with the parental pTkpLuc vector, which contains the thymidine 
kinase promoter upstream of the luciferase-encoding sequence, 
and lacks any human insulin 5' sequences. The control vector 
pTkpLuc was not regulated by any of the ligands tested, in either 



TaUt 3 Etta of RAR 

HIT-T15 cm 



I nrilBoJc acid on pBCtot-1995 Id 



HIT-T15 cells were transfected with ptasmid pBCIns-1995 on its own or along with plasmid 
pCDMSR. The cells were then incubated in medium with no addition or curtaining all-/ran> 
retinoic acid (1 /*M) (RA). CAT actrvfly was then assayed in cell extracts and expressed relative 
to that measured in cells incubated in the absence of added hormone. The results are from a 
single experiment and represent means ±S.D. (n = 4). Similar results were obtained In four 
separate experiments. 



Relative CAT activity 



Addition 



pBCins-1995 



pBCirts-1 995+ pCDMSR 



None 
RA 



1.00±0.30 
1.73±0.20 



2.62 ±0.50 
031 ±0.31 



requirements tor aettvUtofi of tht Ink 



(a) The Ink sequence is shown along the mutant ofigonudeottdes that contain a 2 bp 
transversion mutation in the A motif (InkA). the B motH (InkB) and the C motH (InkQ. (fc)COS- 
7 cells were co-transfected with pCOMBR and pTkpLuc (Tkp). plnicTxpluc (lnk.Tkp), 
plnkATkpluc (InkAJkp), plnkB.TkpLuc (InkaTkp) or plnkC.TkpUjc (InkCTxp). and the cefls 
Incubated in medium containing an-ftroretinoic acid (1 /Ml ujtiferase activity was then 
measured In the cell extracts and expressed relative to that In cells transfected with the ptasmid 
pink. ftp Luc The results shown are representative ol three separate experiments, (c) 
Eledrophoretlc mobility-shift assays using nuclear extracts prepared from COS-7 cells, which 
had been transfected with pCDMSR. or from H1T-T15 ceDs. and the indicated oligonucleotide 
probes containing the Ink. InkA, InkB or InkC sequence. Only the portion ol the auto radiograph 
showing the specific retarded complexes is shown. 



the presence or absence of their receptors (not shown). In the 
presence of the T,R, the addition of T, brought about an almost 
18-fold increase in reporter gene activity. A sixfold induction of 
transcription was observed with retinoic acid in the absence 
of the RARj* expression vector. This might be explained by 
stereoisomerization of all-fr&u-retinoic acid to its 9-cw-form, 
which is a Ugand for the RXRs present in COS-7 cells. In the 
presence of the RARa-expression vector, the induction by 
retinoic acid was 31 -fold. 

The activity of the Ink sequence was then tested in a 0-<x\\ 
line. HIT-T15 cells were transfected with pTkpLuc or with 
plnkJ.TkpLuc and treated with T t or retinoic acid as above 
(Table 2). Only retinoic acid significantly increased the trans- 
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(a) 

Time(h).,, 2 16 60 




(b) 

TTme(h)... 2 16 60 




Rgore 6 Eftctf off rctefe oeU ©a bsoaEb calRDSfl fcvdo Ea tsssara bteto oS 
LaRgcThaos 

Northenvbtot analysis of total RNA extracted from human islets of Langerhans cultured for the 
Indicated periods oJ time in the presence (□) or absence (t>) of 1 fM aU-ftans-retinoic zckl. 
Filters were hybridized with cONA probes complementary to human preproJnsulin and 18S RNA 
as indicated. Similar results were obtained on three separate occasions. 



criptional activity of pInk3.TkpLuc, and only approximately 
fourfold. Decreasing the quantity of reporter construct intro- 
duced into the HIT-T15 cells to 0.2 fig did not significantly alter 
this result (not shown). To determine whether the Ink sequence 
was responsive to hormone in the context of the 2 kb insulin gene 
enhancer fragment, plasmid pBCins-1995 was transfected into 
HIT-T15 cells alone or in combination with pCDM8R. Retinoic 
acid on its own caused a 1.7-fold stimulation of CAT activity. In 
the absence of ligand, the receptor (RAR) caused a 2.62-fold 
increase in CAT activity; however, in the presence of retinoic 
acid and its receptor CAT activity was suppressed to 31% 
of that seen in the presence of receptor alone (Table 3). The 
construct pBCins-879, which lacked the Ink sequence, was un- 
responsive to RAR in the absence or presence of retinoic acid 
(results not shown). 

We next examined the sequence requirements for trans- 
criptional activation by retinoic acid. As illustrated in Figure 
5(a), the Ink element contains three close matches to the 
AGGTCA consensus half-site for binding of nuclear hormone 
receptors. The first of these (A motif) diverges from the consensus 
only at the sixth position, the second (B motif) is a perfect match 
and the third (C motif) diverges only at the fourth position. To 
investigate the involvement of these three half-sites in binding 
of RAR and transcriptional induction by retinoic acid 
we synthesized variants of the Ink oligonucleotide containing 
2 bp transversion mutations in the A motif (InkA), the B motif 
(InkB) or the C motif (InkQ. These, and the wild-type Ink 
oligonucleotide, were cloned in single copy upstream of the 
thymidine kinase promoter in pTkpLuc, generating the con- 
structs plnk.TkpLuc, plnkA.TkpLuc, plnkB.TkpLuc and 
plnkC.TkpLuc. In COS-7 cells transfected with the RARa- 
expression vector, plnk.TkpLuc and plnkA.TkpLuc were 
induced approximately twofold by retinoic acid (1 /*M), whereas 
plnkB.TkpLuc and plnkC.TkpLuc failed to respond to this 
treatment (Figure 5b). Under these conditions the transcriptional 
response to retinoic acid therefore appears to involve the 



palindromic rather than the direct-repeat pair of half-sites, as the 
A motif is dispensible. In mobility-shift assays the same require- 
ments were shown for binding of the RAR-containing complex 
generated in transfected COS-7 cells; mutation of the A motif 
had little effect, whereas oligonucleotides InkB and InkC bound 
this complex very weakly or not at all (Figure 5c). Likewise with 
the HIT-T1 5-cell nuclear extract little or no binding to the InkB 
and InkC probes was observed With single copies of wild-type 
or mutant Ink oligonucleotides no significant transcriptional 
response to T, has yet been observed, thus we are unable 
to determine the sequence requirements for transcriptional 
activation by this ligand. 

Finally, we investigated the effect of retinoic acid on expression 
of the endogenous human insulin gene. There are no available 
human fi-cc\\ lines, so these experiments were performed on 
isolated human islets of Langerhans. Insulin mRNA levels 
increased by 4.5- and 4.0-fold after incubation of human islets in 
retinoic acid for 16 h and 60 h respectively (Figure 6a). In the 
absence of retinoic acid the insulin mRNA levels remained 
unchanged over this time period (Figure 6b). 

DISCUSSION 

The deletion analysis between - 1995 and —258 revealed several 
transcriptionally active regions upstream of the human insulin 
gene. Some of these, such as the negative regulatory element at 
—270, have been previously described. A novel finding of this 
study was the transcriptional effects upon deletion of sequences 
upstream of the ILPR. Of particular interest was the presence of 
a hormone-response element located at about 1 kb upstream of 
the transcription start site (the Ink sequence). We also observed 
an effect on deletion of the ILPR itself. Although we cannot rule 
out the presence of regulatory sequences close to the 5' and 3' 
boundaries of the ILPR, our results suggest that the ILPR may 
play a role in transcription of the human insulin gene. 

The Ink sequence closely resembles other sequences that 
mediate transcriptional responses to both retinoic acid and 
thyroid hormone. The A-B direct-repeat element with 2 bp 
spacing (DR-2) is very similar to sequences approx. 1 kb upstream 
of the mouse and rat CRBP genes [29] and the mouse CRABP 
gene [30]. These sequences mediate transcriptional activation by 
retinoic acid, and are believed to bind RAR/RXR heterodimers. 
The palindromic B-C element is similar to a sequence in the 5' 
region of the bovine growth-hormone gene, and is even more 
closely related to the derived TREpal sequence; both of these 
demonstrate regulation by retinoic acid and thyroid hormone 
[31,32]. The rat oxytocin gene contains an element at around 
— 172 to -148 that is responsive to multiple members of the 
steroid/thyroid receptor superfarnily. This element contains a 
direct repeat of the AGGTCA sequence with zero spacing 
(DR-0) as well as a palindrome (33]. A further member of the 
steroid receptor superfarnily, the peroxi some-activated receptor 
protein a (PARPa) is activated by a wide variety of peroxisome 
proliferators and by fatty acids [34]. PARPa recognizes a direct 
repeat of the sequence TGACCT in the peroxisomal enzyme 
acyl-CoA oxidase gene [35]. This site resembles the InkA element 
on the complementary strand, except that the PARPa element 
has the structure DR-1 whereas the InkA element has the 
structure DR-2. The spacing in the PARPa element is important 
in so far as DR-1 is much more responsive to receptor than 
DR-2 or DR-0 [34]. This suggests that the InkA element is 
unlikely to respond to activated PARPa and potentially act as a 
fatty acid-response element. 

In COS-7 cells the A motif of the Ink sequence, which forms 
part of the direct-repeat element, was dispensible for retinoic acid 
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regulation, whereas regulation was lost on mutation of the B or 
the C motif, which together form the palindromic element. In 
retinoic acid-response elements of the direct-repeat type, the final 
residue of the AGGTCA consensus is very strongly conserved, 
but in the InkA motif it is replaced by cytosine. It is possible that 
this difference renders the A-B direct repeat a poor responder to 
retinoic acid. In extracts from COS-7 cells overexpressing RARa, 
the InkA mutant oligonucleotide displayed wild-type binding 
activity, whereas InkB and InkC showed substantially weaker 
binding. At present, however, we have not determined whether 
the complexes detected in this assay contain RAR homodimers 
or RAR/RXR heterodimers. 

The results of the Northern-blot study suggest that the 
endogenous human insulin gene is regulated by retinoic acid. 
Our data suggest also that this effect is likely to be mediated 
through the Ink sequence. When examined within the context of 
the insulin gene, the Ink sequence responded positively when 
cells were treated with retinoic acid or transfected with an RAR- 
expression vector. However, it is interesting that a negative effect 
was observed when the cells were transfected with the RAR 
vector and treated with retinoic acid. A similar negative effect of 
retinoic acid on a retinoic acid-response element in the Oct-3/4 
gene has been reported [36,37]. Also, whereas RARa and KXRfi 
will stimulate the reporter activity driven by a thyrotropin gene 
construct in transfected COS cells, treatment of the transfected 
cells with retinoic acid suppresses the activity to 56 % of that seen 
with the receptors alone [38]. It is possible that the activity of the 
Ink sequence within the larger insulin gene fragment is dependent 
on the relative concentration of transcription factors, such as 
helix-loop-helix and octamer-binding proteins, that are known 
to modulate RAR effects [39]. Such interactions with unrelated 
transcription factors may permit the activity of the hormone- 
response element to be modulated positively or negatively in a 
temporal or cell-specific manner. For example, a part of the SI 4 
gene 5' region mediates transcriptional induction by retinoic acid 
in differentiated adipocytes but not in undifferentiated pre- 
adi oocytes, whereas a synthetic retinoic acid-response element is 
active in both cell types [40]. Similarly, an RXR response element 
of the CRBPII promoter is activated by retinoic acid and RXR 
in transfected COS-1 , CV-1 and HeLa cells but not in the human 
colonic carcinoma cell line CaCo-2 under conditions where the 
activity of the RARa2 gene promoter is induced by retinoic acid 
[41]. 

Both in vivo and in vitro insulin secretion from rat islets is 
regulated by vitamin A (retinol), a precursor of retinoic acid [42]. 
In the rat yff-like cell line RINmSF, RAR mRNAs can be detected 
[43-45]. This strongly suggests a role for retinoic acid in the 
regulation of y?-ccll function. As retinoic acid frequently partici- 
pates in developmental regulatory processes [46], it is also 
conceivable that this ligand is involved in the process of islet 
differentiation. In fully developed mammalian islets of 
Langerhans, each of the peptide hormones, i.e. insulin, glucagon, 
somatostatin and pancreatic polypeptide, is expressed by a 
specialized cell type (fi, a, d* and PP respectively) with little or no 
co-expression of hormones by a given cell type. It is believed that 
the four cell types arise during development from common 
pluripotent precursor cells which at an early stage may co- 
express two or more peptide hormone genes [47]. The roles of 
retinoic acid, its cellular binding protein and the Ink sequence 
in islet cell determination and differentiation remain to be 
established. 
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